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,QWURGXFWLRQ
0DQDJHPHQW UHSUHVHQWV WKH FRQWLQXRXV HIIHFW RIPDQDJHPHQW DFWLRQV WKDW DIIHFW WKHSDUDPHWHUV RI WKH V\VWHP
DQG WKH V\VWHP OHDGV IURP RQH VWDWH WR DQRWKHU 7KH LQHYLWDEOH IROORZHU RI WKHPDQDJHPHQW SURFHVV LV GHFLVLRQ
PDNLQJ SURFHVV 'HFLVLRQPDNLQJ LV DQ LQWHJUDO SDUW RI HYHU\GD\ OLIH RI SHRSOH DQG LW FDQ EH VDLG WKDW WKH
PDQDJHPHQWDQGGHFLVLRQPDNLQJDVZHOODVSURFHVVHVDUHHVVHQWLDOLQHYHU\DVSHFWRIPRGHUQVRFLHW\7KHUHVXOWV
RIGHFLVLRQPDNLQJDUHGHFLVLRQVZKLFKPD\YDU\IURPWKRVHWKDWDUHYLWDOWRWKRVHWKDWDUHPDGHURXWLQHO\DQGKDYH
UHODWLYHO\OLWWOHVLJQLILFDQFH%HIRUHWKHPXOWLFULWHULDDQDO\VLVZDVGHYHORSHGWKHSUREOHPVRIVHOHFWLRQDQGUDQNLQJ
RIYDULRXVGHFLVLRQVZHUHXVXDOO\UHGXFHGWRWKHVLQJOHFULWHULRQRSWLPL]DWLRQWDVNV+RZHYHULQSUDFWLFHPRVWRIWHQ
DUH PHW WDVNV ZKHUH DOWHUQDWLYHV QHHG WR EH HYDOXDWHG E\ VHYHUDO FULWHULD ZKLFK PDNH WKH SUREOHP PXFK PRUH
FRPSOH[>@(DFKSKDVHRIWKHSODQQLQJDQGGHVLJQGHWHUPLQHWKHWZRSDUDPHWHUVWKHZLGWKRIWKHDSSURDFKWR
WKHSUREOHPDQGWKHOHYHORIGHWDLODQDO\VLV6LQFHWKHSODQQLQJDQGGHVLJQRILQIUDVWUXFWXUHIDFLOLWLHVDUHPRUHSODQH
DUUDQJHGSURFHVV LW IXOO\ UHTXLUHV WR VHW DVLGH DV WKHPRVW LPSRUWDQW VWHSVRI JHQHUDWLQJ DOWHUQDWLYH VROXWLRQV DQG
WKHLUHYDOXDWLRQ%DVHGRQWKHVHDFWLYLWLHVGHFLVLRQVDUHPDGHRQWKHWUDQVLWLRQWRDQHZOHYHOLHWKHQH[WVWDJHRI
SODQQLQJGHVLJQZLWKDGHJUHHRIFHUWDLQW\WKDWLVSURSRUWLRQDOWRWKHTXDOLW\RIUHVHDUFKFRQGXFWHGZKLOHVHSDUDWLQJ
WZREDVLFWDVN
x GHFLVLRQVPXVWEHEDVHGRQVXIILFLHQWO\GHWDLOHGLPSDUWLDODQGUHOLDEOHWKDWLVWKHUHOHYDQWSDUDPHWHUVDQG
x GHFLVLRQVWREHYHULILHGE\SXEOLFDQGGHPRFUDWLFGHFLVLRQPDNLQJDVWKHLQIUDVWUXFWXUHPRVWRIWHQWKHSXEOLF
JRRGZKLFKLVILQDQFHGIURPWKHMRLQWIXQGV
,QWKLVSDSHUDWWHQWLRQLVSDLGWRWKHIRUPDWLRQRIDVHWRIFULWHULDSDUDPHWHUVZKLFKZRXOGEHWKHUHOHYDQFHDQG
WKRURXJKQHVVREMHFWLYLW\DQGUHOLDELOLW\ZRXOGEHFRQILUPHGE\VFLHQWLILFDOO\DFFHSWDEOHPHWKRGV
'HVFULSWLRQRIWKHSUREOHP
:KHQGHVLJQLQJOLQHLQIUDVWUXFWXUHIDFLOLWLHVEHIRUHWKHGHVLJQHULVVHW WKHVHHPLQJO\VLPSOHWDVNRIFRQQHFWLQJ
WKHWZRQRGDOSRLQWVDORQJWKHURXWHRIWKHOLQHIDFLOLW\+RZHYHUWKHSUREOHPLVYHU\FRPSOH[EHFDXVHLWQHHGVWR
PHHW D YDULHW\ RI FULWHULD HFRQRPLF IXQFWLRQDO WHFKQLFDO HQYLURQPHQWDO VRFLDO HWF 7KHUHIRUH ZLWKLQ WKH
IUDPHZRUNRI WKHJHQHUDOSURMHFW LVGRQHPRUHSRVVLEOHVROXWLRQVRIFRUULGRURI WKH OLQHIDFLOLW\DQGEDVHGRQ WKH
YDOXHVRIWKHLUSDUDPHWHUVDFFRUGLQJWRFHUWDLQFULWHULDZLOOGHFLGHZKLFKRIWKHRIIHUHGDOWHUQDWLYHVSURYLGHWKHEHVW
SRVVLEOHRSWLPDOVROXWLRQLQWKHJLYHQFLUFXPVWDQFHV7KHGHFLVLRQPDNLQJSURFHVVLHWKHQHHGIRULWLVFRQVWDQWO\
SUHVHQWLQDOODUHDVRIKXPDQDFWLYLWLHVUHJDUGOHVVRIZKHWKHULWLVDQLQGLYLGXDOJURXSRISHRSOHFRPSDQLHVVWDWH
DQG VRRQ ,W LV WKHUHIRUHTXLWH MXVWLILHG VFLHQWLILF VWXG\RI GHFLVLRQPDNLQJ LH WKHGHYHORSPHQWRI WKH WKHRU\RI
GHFLVLRQPDNLQJDVVHSDUDWHVFLHQWLILFGLVFLSOLQH>@7KHGHFLVLRQPDNLQJLPSOLHVVHOHFWLRQRIDQDOWHUQDWLYHWKDW
VROYHV D VSHFLILF SUREOHP ,Q WKHSUREOHPRIGHFLVLRQPDNLQJ WKHUH DUHJRDOV WREH DFKLHYHGE\ WKHGHFLVLRQ WKH
FULWHULDXVHGWRPHDVXUHWKHDFKLHYHPHQWRIWKHVHJRDOVWKHZHLJKWRIWKRVHFULWHULDWKDWUHIOHFWWKHLULPSRUWDQFHDQG
DOWHUQDWLYH VROXWLRQV WR SUREOHPV 'DWD DQG LQIRUPDWLRQ RQ WKH HOHPHQWV RI GHFLVLRQ SUREOHPV VXPPDUL]H WKH
UHOHYDQWSURFHGXUHVLQRQHQXPEHUIRUHDFKDOWHUQDWLYHDQGRQWKHEDVLVRIWKHVHYDOXHVGHWHUPLQHVWKHUDQNLQJOLVW
RIDOWHUQDWLYHV
%HKLQGHYHU\JRRGDQGVXVWDLQDEOHGHFLVLRQLVDFRPSOH[GHFLVLRQPDNLQJSURFHVVZKLFKLQYROYHVWKHV\QHUJ\RI
DFWLRQRIWKHKXPDQPLQGPDWKHPDWLFDOPHWKRGVDQGFRPSXWDWLRQDOWRROVLHDFRPSOH[FKRLFHEHWZHHQWKHYDULRXV
DOWHUQDWLYHV WKDW DUH XQGHU WKH LQIOXHQFH RI D VPDOOHU RU ODUJHU QXPEHU RI IDFWRUV:LWK WKH DQDO\VLV RI H[LVWLQJ
PRGHOVLQWKLVILHOGLWZDVFRQFOXGHGWKDWLQPRVWPRGHOVWKHUHDUHFHUWDLQGLVDGYDQWDJHVWKDWVLJQLILFDQWO\DIIHFWWKH
REMHFWLYLW\ RI WKH SURFHVV RI VHOHFWLQJ WKH RSWLPDO VROXWLRQV ,I WKH GHIHFWV ZRXOG EH UHPHGLHG UHVSHFWLYHO\
SHUIRUPHG DQ XSJUDGH RI VRPH PRGHOV LW ZRXOG DOORZ WR REWDLQ D FOHDUHU SLFWXUH RI LQWHUGHSHQGHQFH FULWHULD
GHSHQGLQJRQ FKRLFHRI DOWHUQDWLYHVRI WKHLU LPSRUWDQFH DQGYLFH YHUVD WKH HIIHFW RI FKRLFHRI DOWHUQDWLYH WR WKH
VLJQLILFDQFH WKDW LV WKHZHLJKW RI LQGLYLGXDO FULWHULD$ ODUJHQXPEHURI H[LVWLQJPRGHOV WKRXJK LV EDVHG WR WKH
DQDO\VLVRQPRUHWKDQRQHFULWHULRQQHYHUWKHOHVVDUHHVVHQWLDOO\VLQJOHFULWHULDEHFDXVHDQDOWHUQDWLYHHYDOXDWLRQLV
SHUIRUPHGE\HDFKFULWHULRQVHSDUDWHO\2QWKHRWKHUKDQGDFHUWDLQQXPEHURIPRGHOVWKRXJKHVVHQWLDOO\DUHPXOWL
FULWHULDVRPHZKDWXQMXVWLILDEO\DUHIRUFLQJFHUWDLQJURXSRIFULWHULDODWHO\PRVWO\HQYLURQPHQWDO>@$QDO\VLVRI
H[LVWLQJPRGHOVKDVEHHQVKRZQWREHYHU\FRPPRQFULWHULDDQGVXEFULWHULDHYDOXDWLRQDUHDGRSWHGZLWKRXWDYDOLG
H[SODQDWLRQZK\WKH\DUHSDUWLFXODUO\WKHUHOHYDQWFULWHULDIRUVHOHFWLQJWKHRSWLPDOVROXWLRQ
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$Q DSSURSULDWH VHOHFWLRQ RI FHUWDLQ FULWHULD HYHQ LI WKH\ UHDOO\ ZHUH UHOHYDQW LQGLYLGXDOO\ OHDGLQJ WR ZURQJ
VHOHFWLRQRI FHUWDLQ DOWHUQDWLYH VROXWLRQV DV DQRSWLPDO VROXWLRQ IRU D QXPEHURI UHDVRQV L WKH\ DUHQRW UHOHYDQW
HYDOXDWLRQFULWHULDLLWKH\DUHUHOHYDQWFULWHULDIRUHYDOXDWLRQRUDUHXQUHDVRQDEO\H[FOXGHGIURPWKHJURXSRIRWKHU
UHOHYDQW FULWHULD DQG  WKHUHIRUH KDYH REWDLQHG PRUH LPSRUWDQFH ZHLJKW WKDQ WKH\ UHDOO\ EHORQJ LLL DQG LI DOO
FRQVLGHUHG FULWHULD DUH UHOHYDQW GXH WR WKH ZURQJ KLHUDUFK\ DPRQJ WKHP WKH ZURQJ FOXVWHULQJ JURXSLQJ VRPH
FULWHULD UHFHLYHPRUH RWKHUV OHVV ZHLJKW RI UHDOO\ EHORQJHG RQH >@ 7KHVH SUREOHPV DUH YHU\ RIWHQ WKH FDXVH RI
HUURUV WKDWRFFXUZKHQPDNLQJSODQQLQJDQGSURMHFWGRFXPHQWDWLRQRU WKHFDXVHRIZURQJGHFLVLRQVPDGHRQ WKH
EDVLV RI LQVXIILFLHQW RU ZURQJ FROOHFWHG LQIRUPDWLRQ VFLHQWLILFDOO\ LQVXIILFLHQWO\ EDVHG DQDO\VLV ZURQJ RU
LQVXIILFLHQWUHVSRQVLEO\FRQGXFWHGWKHSURFHVVRIPDNLQJWKHVHLPSRUWDQWGHFLVLRQV7KLVLVHYLGHQFHGE\PDQ\RI
WKHDFWLRQVRILQIUDVWUXFWXUHQHWZRUNVLQWKH5HSXEOLFRI6HUELDEXWDOVRHOVHZKHUHLQWKHZRUOG
'HILQLQJDVHWRIUHOHYDQWGHFLVLRQPDNLQJFULWHULD
7KHFULWHULDDQGVXEFULWHULDDUHSHUIRUPDQFHPHDVXUHVRQZKLFKDGHFLVLRQZLOOEHPDGHRQWKHEHVWDOWHUQDWLYH
$GGHGYDOXHZKLFKEULQJVZLWKLWVHOIWKH9.$LVODUJHO\DULVLQJIURPWKHIDFWWKDWLWLVEDVHGRQDFOHDUO\GHILQHG
VHWRIFULWHULD+HQFH WKHUH LV WKHQHHG IRU WKHFULWHULD ILUVWRIDOOPXVWEHRSHUDWLRQDORU WRXVHRQO\ WKH9.$
0HDVXUHPHQWDQGHYDOXDWLRQRIDOWHUQDWLYHVVKRXOGVKRZKRZWKHFULWHULDKDYHZHOOGHILQHGDOOWKHSRVVLELOLWLHVIRU
DFKLHYLQJ WKH VWDWHGJRDO7KHUHIRUH LW LV DYHU\ LPSRUWDQWTXHVWLRQ LQSUDFWLFHZKHWKHURQ WKHEDVLVRI VSHFLILHG
FULWHULD LV UHDOO\SRVVLEOH WREHPHDVXUHG DQG HYDOXDWHGKRZPXFK DQ LQGLYLGXDO DOWHUQDWLYH FDQ FRQWULEXWH WR WKH
REMHFWLYHIXQFWLRQ"([LVWLQJUHVHDUFKFULWHULDIRUWKHVHOHFWLRQRIRSWLPDOVROXWLRQVRIDFRUULGRURIWKHLQIUDVWUXFWXUH
IDFLOLWLHVPDLQO\ DUH HQJDJHG LQ VHSDUDWLQJ RI VHYHUDO LQGLFDWRUV DQG GHWHUPLQLQJ WKH LQWHQVLW\ RI WKHLU LQIOXHQFH
7KHQ DOWHUQDWLYH VROXWLRQV DUH FRPSDUHG DFFRUGLQJ WR WKHVH LQGLFDWRUV DQG LV DGRSWHG WKH VROXWLRQ ZLWK WKH EHVW
PDUNV7KLVLVWKHEDVLFLGHDLQDQXPEHURIVLJQLILFDQWVWXGLHVWKDWKDYHWKXVEHHQUHDOL]HG
7KHUHIRUH LW LV YHU\ GLIILFXOW WR PDNH DQ XQLYHUVDO PRGHO D PRGHO WKDW ZRXOG ILW WR D ODUJH QXPEHU RI
LQIUDVWUXFWXUHV\VWHPVIRUGHILQLQJWKHUHODWLYHLPSRUWDQFHRIFULWHULDZKHQVHOHFWLQJWKHRSWLPDOVROXWLRQ7KHUHLV
PDGHDTXHVWLRQRIFKDQJHDELOLW\RQLPSRUWDQFHRIFHUWDLQFULWHULDGHSHQGLQJRQDQXPEHURIFKDUDFWHULVWLFVRIWKH
LQIUDVWUXFWXUHV\VWHP)XUWKHUPRUHLIRQHWDNHVLQWRDFFRXQWWKDWWKHLQIUDVWUXFWXUHV\VWHPE\LWVQDWXUHLVDG\QDPLF
V\VWHPLQZKLFKFRQVWDQWO\RFFXUQXPHURXVFKDQJHVDVZHOODVFKDQJHVLQLWVHQYLURQPHQWWKHQWKHUHLVPDGHWKH
TXHVWLRQRQYDULDELOLW\LPSRUWDQFHRISDUWLFXODUFULWHULDLQWLPHIRURQHVDPHV\VWHP(YDOXDWLRQFULWHULDRIFRUULGRUV
RIWKHOLQHIDFLOLWLHVGHULYHIURPWKHREMHFWLYHVRIWKHH[LVWHQFHRILQIUDVWUXFWXUHV\VWHPVDQGVSHFLILFREMHFWLYHVRI
EXLOGLQJWKHIDFLOLW\ZKLFKPDNHWKHV\VWHP%\PHDQVRIFULWHULDFRPSUHKHQVLYHO\DQGH[WHQVLYHO\DUHPRGHOLQJWKH
IHDWXUHVRIWKHSUREOHPDQGDGGLQJDGHTXDWHZHLJKWQXPHULFDOO\DUHH[SUHVVHGSUHIHUHQFHVRIGHFLVLRQPDNHUV>@
7KHFULWHULDDUHDOVRDPHDVXUHRIWKRVHIHDWXUHVRIWKHV\VWHPHFRQRP\HIILFLHQF\IXOOFDSDFLW\IXQFWLRQDOLW\
HWFWKDWZDQWWRRSWLPL]HWRPHHWWKHVHWWDUJHWV,QWKLVSDSHULVGHYHORSHGDFRPSOH[PRGHOIRUWKHIRUPDWLRQRID
VHW RI UHOHYDQW FULWHULD HYDOXDWLRQ RI DOWHUQDWLYH VSDWLDO VROXWLRQV RI FRUULGRU RI WKH OLQH LQIUDVWUXFWXUDO IDFLOLW\ DV
FKDUDFWHUL]HGE\PXOWLDFWRUDQGPXOWLFULWHULDDSSURDFK7KHPRGHOFRQVLVWVRIWZRFRPSOH[VWHSVZLWKDVHULHVRI
VXEVWHSV)LJ
$ 6WHS'HILQLQJDVHWRISUHOLPLQDU\GHFLVLRQPDNLQJFULWHULD
$OWHUQDWLYHRU RXWFRPHVRI DFWLRQV DUHGLVSOD\HGE\ D IHZRU DZKROH UDQJHRI FKDUDFWHULVWLFV6RPHRI WKHVH
FKDUDFWHULVWLFV FDQ EH DFFXUDWHO\ H[SUHVVHG LQ GLIIHUHQW XQLWV RI PHDVXUHPHQW ZKLOH RWKHUV DUH H[SUHVVHG
GHVFULSWLYHO\$WWULEXWHVFULWHULDDUHWKHFKDUDFWHULVWLFVRIWKHDOWHUQDWLYHVWKDWDUHUHOHYDQWWRWKHSDUWLFXODUFKRLFH
RIWKHSUREOHPRIGHFLVLRQPDNLQJ8QOLNHDOWHUQDWLYHVWKDWDUHSUHGHILQHGDWWULEXWHVDUHDOZD\VVHOIVHOHFWHGDQG
IRUPXODWHG7KLVPHDQVWKDWWKHLUFKRLFHLVVXEMHFWLYHDVDVHWRIDWWULEXWHVUHIOHFWWKHLQGLYLGXDODWWLWXGHRIGHFLVLRQ
PDNHUV WKDW LV UHYHDOV VSHFLILFJRDOV WKDW KHZDQWV WRDFKLHYHZLWK WKHDSSURYHGGHFLVLRQ7KHUHIRUH WKH VHWVRI
DWWULEXWHVZLOOEHGLIIHUHQWIRUHDFKRIWKHGHFLVLRQPDNHUVDQGZLOOYDU\LQQXPEHUDQGFRQWHQWRUWKHLPSRUWDQFH
WKDWLVDWWULEXWHGWRWKHP>@,GHQWLILFDWLRQRIWKHDSSURSULDWHVHWRIFULWHULDIRUDSDUWLFXODUVHWRIJRDOVLVWKHFUHDWLYH
SURFHVV,QVRPHFDVHV WKHUHDUHREMHFWLYHVIRUZKLFKWKHUHDUHQRFOHDUFULWHULDIRUWKHGLUHFWPHDVXUHPHQWRIWKH
OHYHO RI DFKLHYHPHQW EXW LQ WKLV FDVH IRU WKH DFKLHYHPHQW RI WKH WDUJHWV DUH XVHG FULWHULD WKDW DUH VXLWDEOH IRU
PHDVXULQJDQG LQGLUHFWO\ UHIOHFW WKHDFKLHYHPHQWRI WKH WDUJHWV ,QGHWHUPLQLQJDVHWRIFULWHULD IRUDJLYHQ WDUJHW
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ZKLFKLQGLFDWHVWKHWRWDOFULWHULDRSWLPL]DWLRQSUREOHPLWLVQHFHVVDU\WRWDNHLQWRDFFRXQWWKDWKHVKRXOGKDYHPHW
WKHIROORZLQJFKDUDFWHULVWLFV
x PHDVXUDELOLW\FULWHULRQPXVWEHSUDFWLFDOO\XQGHUVWDQGDEOHWRGHWHUPLQHWKHYDOXHRIDSDUWLFXODUPHDVXUHPHQW
VFDOHIRUDJLYHQDOWHUQDWLYHDQG
x HDV\SHUVSLFXLW\YDOXHFULWHULDPXVWEHVXIILFLHQWWRLQGLFDWHDOHYHOWKDWKDVPHWDQREMHFWLYH
x RSHUDWLRQDOXVHGIRUSUREOHPRIDQDO\VLV
x FRPSOHWHQHVVDOODVSHFWVRIWKHSUREOHPDUHJLYHQE\FULWHULD
x QRUHGXQGDQF\PXWXDOLQGHSHQGHQFHRIFULWHULDHYHQRQHDVSHFWRIWKHSUREOHPLVQRWHVWLPDWHGXVLQJWKH
FULWHULDPRUHWKDQRQFH
x RSWLPDOLW\RIWKHVHWVL]HWRRPDQ\ZHLJKWLQJPDNHVDQDO\VLVPRUHGLIILFXOWDQG
x PLQLPXPQRILQLWHVHWRIFULWHULDWKDWUHSUHVHQWWKHVDPHSUREOHPEXWZLWKDVPDOOHUQXPEHURIHOHPHQWV


)LJ*HQHUDODOJRULWKPRIGHILQHGPRGHO
D 'HILQLQJHOHPHQWVRIWKHVHW
:KHWKHU WKH GHFLVLRQ LVPDGH LQGLYLGXDOO\ RU LQ JURXSV DQ HIIHFWLYHZD\ RI WKH EHJDQ SURFHVV RI LGHQWLI\LQJ
FULWHULD FRQWLQXH LV REWDLQLQJ DQVZHUV WR WKH TXHVWLRQ :KDW ZLOO GLVWLQJXLVK WKH JRRG DQG WKH EDG FKRLFH RI
DOWHUQDWLYHV WR WKH SUREOHPV RI GHFLVLRQPDNLQJ"7KH DQVZHU WR WKLV TXHVWLRQ VKRXOG EH JLYHQ DV DFFXUDWHO\ DV
SRVVLEOH>@3HUVSHFWLYHVYLHZRIVWDNHKROGHUVSDUWLFLSDQWVSOD\DQLPSRUWDQWUROH7KHUHIRUHLWLVQHFHVVDU\
WR LQFOXGH WKHVDPH LQVRPHRU LQDOOVWDJHVRI WKHGHFLVLRQPDNLQJSURFHVV ,W LVHVSHFLDOO\ LPSRUWDQW WRFRQVLGHU
WKHLUSHUVSHFWLYHGXULQJWKHLPSOHPHQWDWLRQRILQIUDVWUXFWXUHSURMHFWVDVZHOODVWKHSXEOLFFRPPRQJRRG2QHRI
WKHPRVWHIIHFWLYHZD\VWRGRWKLVLVDGLUHFWGLDORJXHZLWKDOOLQWHUHVWHGSDUWLHVZKHUHWKURXJKLQWHUYLHZVRUVXUYH\V
SHUFHLYH WKHLU QHHGV UHTXLUHPHQWV FRQFHUQV DQG LQWHUHVWV $QDO\VLV RI WKH FROOHFWHG LQIRUPDWLRQ ZLOO KHOS WKH
YLHZSRLQWRILQWHUHVWHGSDUWLHVDGHTXDWHO\LQMHFWHGLQWRFULWHULDIRUHYDOXDWLQJDQGUDQNLQJRIYDULDQWVROXWLRQV:KHQ
GHILQLQJFULWHULDDJUHDWDVVLVWDQFHSURYLGHV WKH VRFDOOHGWDUJHWDQDO\VLV LH WKHDQDO\VLVRI WKHREMHFWLYHV WREH
DFKLHYHGE\VROYLQJWKHGHILQHGSUREOHPV2IFRXUVHZLWKWKHWDUJHWDQDO\VLVLWLVQHFHVVDU\WRGLVWLQJXLVKEHWZHHQ
WKHOHYHOVWRZKLFKWKHPRGHODSSOLHVHVSHFLDOO\GXHWRWKHIDFWWKDWDWWKHKLJKHUVWUDWHJLFDSDUWRIWKHREMHFWLYHV
DUH HQWHUHG FRPHV IURP WKH HQYLURQPHQW $FKLHYLQJ RI WKH JLYHQ JRDOV LV D IXQGDPHQWDO SUHUHTXLVLWH RI DQ\
GHFLVLRQPDNLQJSURFHVV*HQHUDOO\WKHUHLVDODFNRIDVWUXFWXUHGDSSURDFKWKDWZRXOGDOORZDQHIILFLHQWDQGIDVW
V\VWHPDQDO\VLVRIJRDOVDQG WKHH[SHULHQFHDQG WHDPZRUN LQDGGLWLRQ WR WKHPHWKRGRORJ\ WKHEHVWJXDUDQWHHRI
VXFFHVV,QSUDFWLFHLVYHU\RIWHQFRQIOLFWRIJRDOVDW WKHVWUDWHJLFOHYHODQGXVXDOO\KDSSHQVWKDW WKHJRDOVFRPLQJ
IURP WKH HQYLURQPHQW DUH LQ FRQIOLFW ZLWK WKH REMHFWLYHV RI ZKLFK DUH JHQHUDWHG ZLWKLQ WKH V\VWHP 7KLV
FRQWUDGLFWLRQ LV WUDQVPLWWHG WR WKH FULWHULD DQG WKH FULWHULDPRVW RIWHQ DUH LQ FRQIOLFW SRVLWLRQV7KH FRQWUDGLFWRU\
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FULWHULD DUH FRQGLWLRQHGE\ WKH SRRU VWUXFWXUHSUREOHP DQG LW FDQEH FRQFOXGHG WKDW WKHEDVLF FKDUDFWHULVWLFV RI
QRUPDO HYHU\GD\ SUREOHPV DUH FRQWUDGLFWLRQ WR GRPLQDQW FULWHULD -XVW FRQWUDGLFWLRQ FULWHULD MXVWLI\ WKH XVH RI
PXOWLFULWHULDDQDO\VLVPHWKRGVEHFDXVHWKHWUDGLWLRQDOPHWKRGVLQFOXGLQJWKHLQWXLWLYHGHFLVLRQPDNLQJFDQQRW
GHWHUPLQH WKH RSWLPDO VROXWLRQ ,Q WKLV ZD\ LV LGHQWLILHG D QXPEHU RI FULWHULD ZKLFK EHFRPH HOHPHQWV RI WKH
SUHOLPLQDU\VHWRIFULWHULD7KHVHFRQGSDUWRIWKHSUHOLPLQDU\VHWRIFULWHULDLVLGHQWLILHGRQWKHEDVLVRIH[SHULHQFH
IURP VLPLODU SURMHFWV DQG FRQGXFWHGRQ WKHEDVLV RI VFLHQWLILF DQGSUDFWLFDO UHVHDUFK ,Q WKLV SDUW WKH ODUJHVW UROH
VKDOOEHORQJWRWKHFUHDWRUVRIWKHSURMHFW7KHWKLUGSDUWRIWKHSUHOLPLQDU\VHWRIFULWHULDGHILQHGLQWKHPRGHOKDV
EHHQLGHQWLILHGRQWKHEDVLVRISDVWH[SHULHQFHRQVLPLODUSURMHFWVZKHUHWKHVHFULWHULDSURYHGLWVUHOHYDQFH
7KHFRPELQDWLRQRIWKHVHWKUHHDSSURDFKHV\RXJHWWKHODUJHVWQXPEHURIHOHPHQWVLQDVHWRISUHOLPLQDU\FULWHULD
IRU WKHHYDOXDWLRQRIDOWHUQDWLYHVROXWLRQVRIFRUULGRURI WKH LQIUDVWUXFWXUH IDFLOLWLHV >@7KHIRXUWKDQG ILQDO
SDUW RI D VHW RI SUHOLPLQDU\ FULWHULD LV GHILQHG RQ EDVLV RI WKH QHHGV H[SHFWDWLRQV LQWHUHVWV DQG FRQFHUQV E\
VWDNHKROGHUVWKURXJKVXUYH\VRULQWHUYLHZV$OWKRXJKWKHUHLVQRFOHDUO\GHILQHGUXOHRQWKHQXPEHURISUHOLPLQDU\
VHW RI FULWHULD \RX VWLOO KDYH WR VWULYH IRU LW WR EH DV VPDOO DV SRVVLEOH 7KLV QXPEHU GHSHQGV ODUJHO\ RQ WKH
SUHIHUHQFHVRIWKHDQDO\VWWKHSUREOHPWREHVROYHGEXWDOVRRQZKDWWKHVXSSRUWV\VWHPLQGHFLVLRQPDNLQJLVXVHG
)LQDQFLDOVLJQLILFDQWRURWKHUZLVHLPSRUWDQWGHFLVLRQHVSHFLDOO\LQV\VWHPVZLWKFRPSOH[WHFKQLFDOFKDUDFWHULVWLFV
FDQKDYHKXQGUHGVRIFULWHULDIRUH[DPSOHGHFLVLRQPDNLQJZKHUHWREXLOGDQXFOHDUSRZHUVWDWLRQ+RZHYHUIRU
EHWWHUGHFLVLRQPDNLQJDQGRSWLPDOQXPEHURIFULWHULDLVFRQVLGHUHGWREHWKHUDQJHRI>@
E *URXSLQJRIFULWHULD
*URXSLQJRIDWWULEXWHVFULWHULDLQDQXPEHURIVXEVHWVWKDWDUHUHOHYDQWWRVSHFLILFDQGLGHQWLILDEOHFRPSRQHQWV
RI WKH RYHUDOO JRDO FDQ EH KHOSIXO LQ GHFLVLRQPDNLQJ (VSHFLDOO\ WKLV DSSOLHV WR SUREOHPV ZKHUH WKUH LV D ODUJH
QXPEHURIFULWHULD7KHPDLQUHDVRQVIRUJURXSLQJRIFULWHULDDUHDWRDVVLVWWKHSURFHVVRIFKHFNLQJZKHWKHUDVHW
RIFULWHULDLVDGHTXDWHO\FKRVHQZLWKUHJDUGWRWKHSUREOHPWREHVROYHGEWRIDFLOLWDWHWKHSURFHVVRIFDOFXODWLQJ
WKHZHLJKWRIFULWHULDLQFHUWDLQPHWKRGVIRUGHFLVLRQVXSSRUWZKHQILUVWLVGHWHUPLQHGWKHZHLJKWRIVHWVRIUHODWHG
FULWHULDDQGWKHQLVGHWHUPLQHGWKHZHLJKWRIFULWHULDZLWKLQDVHWDQGFIRUHDVLHUZD\VRISHUFHLYLQJRQWKHEDVLV
RIZKDWFULWHULDDQLQGLYLGXDODOWHUQDWLYHDFKLHYHVEHVWVIXQFWLRQVRIVWDWHGJRDO)RUWKHVHUHDVRQVWKHJURXSLQJRI
FULWHULD RU WUHH VWUXFWXULQJ YDOXHV LV DQ LPSRUWDQW SDUW RI WKH 9.$ 7KHUH DUH IHZ IRUPDO JXLGHOLQHV IRU
GHWHUPLQLQJZKHWKHUDGHILQHGVWUXFWXUHLVJRRGRUEDG7KHPRVWH[SHULHQFHGDQDO\VWV WKHSUREOHPRIVWUXFWXULQJ
VHHDVDVNLOOWKDWLVDFTXLUHGSULPDULO\WKURXJKSUDFWLFDOH[SHULHQFH+RZHYHUIRUPRVWRIWKHELJSUREOHPVWKHUHLV
QRXQHTXLYRFDODQGXQDPELJXRXVULJKWVWUXFWXUHRUJURXSLQJRIFULWHULD(OLJLEOHVWUXFWXUHLVVLPSO\RQHWKDWUHIOHFWV
DFOHDU ORJLFDODQGFRPPRQYLHZRIKRZWKHPDMRULW\RIWKHFULWHULDZKLFKPD\EHUHOHYDQW IRU9.$EHJURXSHG
LQWRFRKHUHQWVHWVHDFKRIZKLFKZLOOUHIOHFWWKHVHWVRIRQHFRPSRQHQWRIWKHRYHUDOOSUREOHP
% 6WHS'HWHUPLQLQJWKHUHOHYDQFHDQGFKHFNRIVWUXFWXUHVHWRIWKHSUHOLPLQDU\GHFLVLRQPDNLQJFULWHULD
,Q WKH SURFHVV RI GHWHUPLQLQJ WKH UHOHYDQW LQGLFDWRUV 6WHS  RI WKH GHILQHGPRGHO SURYLGHV DSSOLFDWLRQ RI WKH
FRPELQHGPHWKRGRIUHVHDUFKZKLFKLQFOXGHV
x VXUYH\ZKLFKFROOHFWGDWDIURPUHOHYDQWVWDNHKROGHUVDQNHWX
x GHVFULSWLYHVWDWLVWLFVIRUGDWDSURFHVVLQJDQG
x IDFWRUDQDO\VLVWRUHGXFHWKHGDWDVHWFROOHFWHGE\WKHVXUYH\DQGGHILQHDVHWRIUHOHYDQWFULWHULDIRUHYDOXDWLRQ
DQGUDQNLQJRIYDULDQWFRUULGRU
7KHXWLOL]DWLRQRIFRPELQHGPHWKRGLQ6WHSLQWHJUDWHNQRZOHGJHVNLOOVDQGSUHIHUHQFHVRIWKHUHOHYDQWDFWRUV
([SUHVVLQJSUHIHUHQFHVRIDFWRUVWKURXJKWKHHYDOXDWLRQFULWHULDE\FORVHGVXUYH\KHOSVWKHGHFLVLRQPDNHUVWREHWWHU
XQGHUVWDQGWKHV\VWHPLWVHOIDQGWKXVFRQWULEXWHVWRPDNLQJEHWWHUGHFLVLRQVWKDWZLOOEHDFXVWRPRIDOORUWKHYDVW
PDMRULW\ VWDNHKROGHUV > @ 4XHVWLRQQDLUH PHWKRG LV RQH RI WKH PRVW FRPPRQO\ XVHG PHWKRGV IRU GDWD
FROOHFWLRQ LQ VRFLDO UHVHDUFKJURXSVRI UHOHYDQW VWDNHKROGHUV LH WKHLU UHVSHFWLYH UHSUHVHQWDWLYHV2Q WKHEDVLVRI
WKHLU ZULWWHQ UHSOLHV GDWD DUH UHVHDUFKHG DQG FROOHFWHG LQIRUPDWLRQ YLHZV DQG RSLQLRQV RQ WKH UHOHYDQFH RI WKH
FULWHULDJLYHQ LQ WKHSUHOLPLQDU\ VHW'HVFULSWLYHVWDWLVWLFVGHVFULEHVFRPSDUHDQGDQDO\]H WKHPDVVDSSHDUDQFHRI
WKHEDVLFGLVSOD\DQGQXPHULFSURFHVVLQJRINQRZQGDWD7KHUHE\DPDVVSKHQRPHQRQLVVWDWLVWLFDOO\KRPRJHQHRXV
VHW RI HOHPHQWV WKDW LV WKRVH HOHPHQWV WKDW KDYH WKH VDPH FKDUDFWHULVWLFV 6WDWLVWLFDO FROOHFWLRQ LV GHILQHG
FRQFHSWXDOO\VSDWLDOO\DQGWHPSRUDOO\7KHVWDWLVWLFDOFKDUDFWHULVWLFVDUHWKHJHQHUDOSURSHUWLHVRIWKHHOHPHQWVRIWKH
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VWDWLVWLFDO VHW DWZKLFK WKHHOHPHQWVDUHGHILQHGDV KRPRJHQHLW\RUE\ WKHPGLIIHU'HVFULSWLYHFKDUDFWHULVWLFVDUH
H[SUHVVHGE\ZRUGVUHVSHFWLYHO\VHTXHQFHGUDQNQXPHULFDOQXPEHUDQGWHPSRUDODW WKHPRPHQW'HVFULSWLRQRI
PXWXDO GHSHQGHQFH RI D ODUJH QXPEHU RI YDULDEOHV XVLQJ D VPDOO QXPEHU RI EDVLF EXW QRW REVHUYDEOH UDQGRP
YDULDEOHVNQRZQDVIDFWRUVZLWKWKHPHWKRGRIPXOWLGLPHQVLRQDOPXOWLYDULDWHDQDO\VLVLVFDOOHGIDFWRUDQDO\VLV
'HFLVLRQPDNLQJSURFHVVLQWKHIDFWRUDQDO\VLVFRQVLVWVRIVL[VWDJHVSOXVDQH[WUDVWDJHVWDJH
x GHILQLQJWKHREMHFWLYHVRIIDFWRUDQDO\VLV
x GHVLJQLQJRIIDFWRUDQDO\VLV
x DVVXPSWLRQVLQWRIDFWRUDQDO\VLV
x SHUIRUPDQFHRIIDFWRUVDQGDVVHVVPHQWRIWKHRYHUDOOILW
x LQWHUSUHWLQJRIIDFWRUV
x FRQILUPDWLRQRIIDFWRUDQDO\VLVDQG
x DGGLWLRQDOXVHRIUHVXOWVRIWKHIDFWRUDQDO\VLV
7KHJHQHUDOSXUSRVHRIWKHIDFWRUDQDO\WLFDOWHFKQLTXHVLVILQGLQJDZD\WRVXPPDUL]HWKHLQIRUPDWLRQFRQWDLQHG
LQDODUJHQXPEHURIRULJLQDOYDULDEOHVLQWRDVPDOOHUVHWRIQHZFRPSRVLWHGLPHQVLRQVRUYDULDQWVIDFWRUZLWKD
PLQLPXP ORVV RI LQIRUPDWLRQ )DFWRU DQDO\VLV DV D VHW RI VWDWLVWLFDO DQG PDWKHPDWLFDO PHWKRGV VXLWDEOH IRU WKH
DQDO\VLVRIGDWDRQWKHLQWHUFRQQHFWHGQHVVRIWKHDQDO\]HGSKHQRPHQDSURYHGWREHXVHIXOLQDOOVLWXDWLRQVZKHUHLQ
WKHUHVHDUFKHVDWWKHVDPHWLPHH[SHULHQFLQJDJUHDWHUQXPEHURIYDULDEOHVWKDWDUHLQPXWXDOFRUUHODWLRQDQGZKLFK
UHTXLUHV GHWHUPLQDWLRQ RI EDVLF VRXUFHV RI WKH FRYDULDWLRQ DPRQJ GDWD ,Q FRUUHODWLYH FRQQHFWLRQ RI SKHQRPHQD
FKDQJHVLQRQHDQGWKHRWKHUSKHQRPHQDPD\RFFXULQSDUDOOHODQGWKDWRQHLVQRWWKHFDXVHRIRWKHUVXQOLNHRIWKH
FDXVDOFRQVHTXHQWLDOFRQQHFWLRQLQZKLFKRQHSMHQRPHQDRUHYHQWLVDFDXVHRIWKHRWKHUSKHQRPHQDRIVRPHRWKHU
SKHQRPHQD HYHQWV RU FKDQJHV )DFWRU DQDO\VLV DOORZV WKH FDOFXODWLRQ RI FRUUHODWLRQ FRHIILFLHQW RU FRHIILFLHQW RI
DVVRFLDWLRQEHWZHHQYDULDEOHV7KHYDULDEOHVFRQVLGHUHGGDWDREWDLQHGE\PHDVXULQJWKHFKDQJHLQWKHSKHQRPHQDWR
EHDQDO\]HGDQGVWXGLHG ,I WKHDQDO\]HGSKHQRPHQDDUHPXWXDOO\ OLQNHG WKHQZHFDQGHWHUPLQH WKH VL]HRIHDFK
DQDO\]HG FRUUHODWLRQ SKHQRPHQD 7KLV PHDQV WKDW DV D UHVXOW RI VXFK DQDO\VLV WR JHW V\PPHWULF PDWULFHV ZLWK D
QXPEHURIFRUUHODWLRQFRHIILFLHQWV7KHQXPEHURIWKHVHFRUUHODWLRQFRHIILFLHQWVLVQQZKHUHQLVWKHQXPEHU
RIYDULDEOHV7KHFRUUHODWLRQFRHIILFLHQWVVKRZWKDW WKHVWXGLHGSKHQRPHQRQUHODWHGWRWKHOLQNVEHWZHHQVRPHDUH
OHVV UHVSHFWLYHO\PRUH)DFWRUDQDO\VLVDOORZVGHHSHUSHQHWUDWLRQ LQWR WKHPXWXDOGHSHQGHQFLHVDQG UHODWLRQVKLSV
EHWZHHQSKHQRPHQDDQGWKURXJKDVHWRIPDWKHPDWLFDODQGVWDWLVWLFDOPHWKRGVDOORZVWKDWWKURXJKDODUJHUQXPEHU
RI YDULDEOHV DPRQJ ZKLFK WKHUH LV D FRQQHFWLRQ HVWDEOLVKHV D VPDOO QXPEHU RI YDULDEOHV WKDW H[SODLQ VXFK
LQWHUFRQQHFWLRQ7KHVHEDVLFYDULDEOHVDUHFDOOHGIDFWRUV,Q7DEOHLVSUHVHQWHGWKHUHVXOWRIWKHUHVHDUFKFRQGXFWHG
GXULQJ WKH DXGLW IXQFWLRQDOLW\ RI WKH SDUWLFXODU FDVH  9DULDEOHV DQDO\]HG LQ IDFWRU DQDO\VLV DUH FDOOHG PDQLIHVW
YDULDEOHV DQG IDFWRUV WKDW DUH GHWHUPLQHG RQ WKH EDVLV RI PXWXDO UHODWLRQV PDQLIHVW YDULDEOHV DUH FDOOHG ODWHQW
YDULDEOHV7KHUHIRUH WKHPDLQREMHFWLYHRI IDFWRUDQDO\VLVLV WKDW LQVWHDGRIDODUJHQXPEHURILQWHUFRQQHFWHGDQG
GHSHQGHQW PDQLIHVW YDULDEOHV WKDW KDYH UHVXOWHG IURP DQRWKHU UHVHDUFK LGHQWLI\ D VPDOO QXPEHU RI PXWXDOO\
LQGHSHQGHQW ODWHQW YDULDEOHV WKDWPLJKW H[SODLQ WKHPXWXDO UHODWLRQV RIPDQLIHVWHG YDULDEOHV7KHUH DUH WZR EDVLF
VWUDWHJLHVIRUWKHXVHRIIDFWRUDQDO\VLVH[SORUDWRU\DQGFRQILUPDWRU\IDFWRUDQDO\VLV
7DEOH7KHSHUFHQWDJHYDULDQFHRIWKHUHVXOWVRIWKHIDFWRUDQDO\VLVIRUWKHWKHRUHWLFDOPRGHOFULWHULD
)DFWRUV &KDUDFWHULVWLFURRWWRWDO 3HUFHQWDJHRIYDULDQFH &XPXODWLYHSHUFHQWDJHRIYDULDQFH
)6RFLRHFRQRPLF   
)7UDIILFH[SORLWDWLRQ   
),QYHVWPHQWFRQVWUXFWLRQ   
)6SDWLDOXUEDQ   
)(FRORJLFDO   
([SORUDWRU\IDFWRUDQDO\VLVHVWDEOLVKHVEDVLFIDFWRUVRUVRXUFHVRIYDULDWLRQDQGFRYDULDWLRQDPRQJWKHDQDO\]HG
YDULDEOHV DQGZLWK D FRQILUPDWRU\ IDFWRU DQDO\VLV LV FDUULHGRXW DQREMHFWLYH WHVW RI D FHUWDLQ VWUXFWXUDOPRGHO RU
WKHRU\5HVHDUFKHUDUHVWDUWLQJIURPSUHIRUPXODWHGPRGHOK\SRWKHVHVRU WKHRULHVDERXW WKHVWUXFWXUHRI WKHPDLQ
VRXUFHVRIYDULDWLRQDQGFRYDULDWLRQEHWZHHQDQDO\]HGYDULDEOHVDQGWHVWWKDWPRGHODK\SRWKHVLVRUWKHRU\)RUWKH
SXUSRVHV RI WKLV VXUYH\ZDV XVHG WKHPHWKRG RI FRQILUPDWRU\ IDFWRU DQDO\VLV 7KH WHUP YDULDEOH KHUHPHDQV WKH
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FULWHULRQVXEFULWHULRQRULQGLFDWRU7KHPDLQDLPRIWKHDSSOLFDWLRQRIIDFWRUDQDO\VLVLVUHIOHFWHGLQWKHYHULILFDWLRQ
DQGUDWLRQDOL]DWLRQRIWKHVHWRIWKHRUHWLFDOPRGHOVRIFULWHULDVXEFULWHULDIRUWKHHYDOXDWLRQRIDOWHUQDWLYHFRUULGRUV
RI WKH LQIUDVWUXFWXUH OLQH IDFLOLWLHV >@'XULQJ WKH WHVWLQJ RIPRGHOVZDV FRQGXFWHG IDFWRU DQDO\VLV E\ VWDWLVWLFDO
SURJUDP63666WDWLVWLF,QSURFHVVLQJWKHUHVXOWVRIWKHVXUYH\GDWDZHUHVXPPDUL]HGE\UHVSRQGHQWV1 
7KHSUHOLPLQDU\VHWRIFULWHULDZDVDQDO\]HGZLWKLQIUDVWUXFWXUHHOHPHQWVGHWHUPLQHGLQ6WHS'XULQJWKHDQDO\VLV
ZDVSHUIRUPHGWKHVSHFLILFDWLRQRIDQXPEHURIIDFWRUVDQGLWZDVIRXQGWKDWDQXPEHURIIDFWRUVDFFRXQWHGIRUILYH
7DEOH  $V DQ HQWU\ LQ D IDFWRU DQDO\VLV ZDV XVHG WKH YDULDEOHV LQ WKH TXHVWLRQQDLUH D WRWDO RI  YDULDEOHV
WKHRUHWLFDOPRGHOFULWHULD:LWKWKHPHWKRGRIIDFWRUDQDO\VLVRISULQFLSDOFRPSRQHQWVDQGDSSOLFDWLRQRIRUWKRJRQDO
YDULPD[ URWDWLRQZHUHREWDLQHG IDFWRUV DOPRVW LGHQWLFDO WR VWUXFWXUHRI WKH WKHRUHWLFDOPRGHO7KH UHVXOWV VKRZD
PDWFKIRUWKHPRVWSDUWRIWKHVWUXFWXUHZLWKZKLFKLVYHULILHGWKHWKHRUHWLFDOGHILQHGPRGHO,QRUGHUWRGHWHUPLQH
WKHUHOLDELOLW\RIDGHILQHGWKHRUHWLFDOPRGHOXVLQJFROOHFWHGGDWDZDVREWDLQHGE\&URQEDFK
VDOSKDFRHIILFLHQWIRU
DVVHVVLQJ WKH LQWHUQDO FRQVLVWHQF\ RI WKH UHVXOWV ZKLFK IRU D FRPSOHWH PRGHO RI  YDULDEOHV ZDV 
6XEVHTXHQWO\ ZDV PDGH D IDFWRU DQDO\VLV RI WKH 1  UHVSRQGHQWV 7KH SULQFLSDO FRPSRQHQW DQDO\VLV ZHUH
H[WUDFWHG VWDWLVWLFDOO\ VLJQLILFDQW IDFWRUV LQ WKH VSDFH YDULDEOHV RI WKH WKHRUHWLFDO PRGHO ZLWK RUWKRJRQDO URWDWLRQ
PHWKRG DQG9DULPD[ URWDWLRQ FULWHULRQ 'XULQJ IDFWRU DQDO\VLV LV REWDLQHG WKH .02 LQGH[ .DLVHU0H\HU2ONLQ
LQGH[WKHLQGH[RIVDPSOLQJDGHTXDF\. 7DEOH,LQGLFDWHVWKHSHUFHQWDJHRIYDULDQFHUHVXOWVREWDLQHGE\WKH
PHWKRGRIDQDO\VLVIRUWKHGHILQHGWKHRUHWLFDOPRGHORIGHFLVLRQPDNLQJFULWHULD
,QWKHVHFRQGFROXPQRI7DEOHDUHVKRZQWKHRYHUDOOFKDUDFWHULVWLFURRWVLH/DPEGDFRHIILFLHQWVZKLFKVKRZ
WKHVWUHQJWKRIHDFKIDFWRU7KHWKLUGFROXPQVKRZV WKHSHUFHQWDJHYDULDQFHIRUWKDW LQGLYLGXDOIDFWRUVSURYLGHDQ
H[SODQDWLRQ,QWKHIRXUWKFROXPQDUHSUHVHQWHGWKHSHUFHQWDJHVRIJLYHQFXPXODWLYHYDULDQFH2QWKHEDVLVRIILYH
IDFWRUVFXPXODWLYHO\LVH[SODLQHGRIWKHYDULDQFHRIUHVXOWVILUVWIDFWRUH[SODLQVRIWKHYDULDQFHRI
UHVXOWV WKH VHFRQG  WKH WKLUG  WKH IRXUWK  DQG WKH ILIWK IDFWRU RI  RI WKH WRWDO
YDULDQFH RI WKH UHVXOWV,Q 7DEOH  LV VKRZQ WKH SDUW RI URWDWHG FRPSRQHQWV PDWUL[ VKRZLQJ WKH YDULDEOHV RI
WKHRUHWLFDO PRGHOV WKDW KDYH WKH KLJKHVW SURMHFWLRQ RI YDULDQFH RQ VHYHUDO IDFWRUV 2Q WKH EDVLV RI WKH FULWHULRQ
YDULDEOHYDULDQFHSURMHFWLRQVRQVHYHUDOIDFWRUVVL]HRIDQGFULWHULDRIXQHYHQSURMHFWLRQYDULDEOHVRQVHYHUDO
IDFWRUVWKHUHZHUHQRYDULDEOHVWKDWGLGQRWPHHWWKHVHWZRFULWHULDDQGWKHUHZDVQRQHHGWRH[FOXGHDQ\YDULDEOHV
LHWKHQHHGIRUUHGXFLQJPRGHO7KHUHVXOWRIWKHLPSOHPHQWDWLRQRI6WHSLVDVHWRIUHOHYDQWFULWHULDIDFWRUVDV
ZHOO DV YHULILFDWLRQ RU SRVVLEOH UHIXWDWLRQ RI WKHGHILQHGPRGHOV%DVHGRQ WKH UHVXOWV RI WKH IDFWRU DQDO\VLVZDV
FRQILUPHGDOOILYHIDFWRUVJLYHQDWWKHEHJLQQLQJRIWKHDQDO\VLV)DFWRUDQDO\VLVKDVDOVRFRQILUPHGWKHYDOLGLW\RI
WKHWKHRUHWLFDOPRGHORIGHILQHGHYDOXDWLRQFULWHULD+HUHE\KDVEHHQYHULILHGDOOFULWHULDIURPDVHWRISUHOLPLQDU\
FULWHULDDQGFRQILUPHGWKHLUUHOHYDQFH7KHUHVXOWLQJVHWRIUHOHYDQWFULWHULDFDQEHXVHGLQWKHSURFHVVRIHYDOXDWLQJ
DQGUDQNLQJRIYDULDQWVROXWLRQVRIFRUULGRURIWKHOLQHLQIUDVWUXFWXUDOIDFLOLWLHVDVFRPSOHWHO\UHOHYDQWZKLFKZLOOWKH
REWDLQHGRSWLPDOVROXWLRQZLOOEHFRQVLGHUHGIXOO\UHOHYDQW
7DEOH7KHURWDWHGPDWUL[FRHIILFLHQWVVKRZLQJSURMHFWLRQVRIWKHYDULDQFHLQWKHWKHRUHWLFDOPRGHO
) ) ) ) )
)6RFLRHFRQRPLFFULWHULD
([FKDQJHRIUHDOHVWDWHYDOXHV     
&KDQJHLQWKHGWUXFWXUHRIHPSOR\PHQW     
$JULFXOWXUHGHYHORSPHQW     
,QFUHDVHTXDOLW\RIOLIH     
7RXULVPGHYHORSPHQW     
,QFUHDVHRIDQQXLWDQWSRWHQWLDORIWKHODQG     
3UHYHQWLRQRIRXWIORZRIWKHSRSXODWLRQ     
)7UDIILFH[SORLWDWLRQFULWHULD
&RVWVRIDFFLGHQWV     
1XPEHURIWUDIILFDFFLGHQWV     
$QQXDORSHUDWLQJFRVWVRIXVHUV     
$QQXDOWUDYHOWLPHRIXVHUV     
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&RQFOXVLRQ
8QOLNH DOWHUQDWLYHV WKDW DUH SUHGHILQHG DWWULEXWHV FULWHULD VXEFULWHULD LQGLFDWRUV VWLOO DUH LQGHSHQGHQWO\
FKRRVHQDQGIRUPXODWHG7KLVPHDQVWKDWWKHLUFKRLFHLVVXEMHFWLYHEHFDXVHWKHVHWRIDWWULEXWHVUHIOHFWRXULQGLYLGXDO
DWWLWXGHUHSHFWLYHO\UHYHDOVRXUVSHFLILFJRDOVWKDWZHZDQWWRDFKLHYHZLWKWKHGHFLVLRQPDNLQJ7KHUHIRUHWKHVHW
RIDWWULEXWHVZLOOEHGLIIHUHQW IRUHDFKRIXVDQGZLOOYDU\ LQQXPEHUDQGFRQWHQWEXWDOVR LQ LPSRUWDQFH WKDWZH
DWWULEXWH WR WKHP :KHWKHU WKH GHFLVLRQ LV PDGH LQGLYLGXDOO\ RU LQ JURXSV HIILFLHQW ZD\ LQ WKH SURFHVV RI
LGHQWLILFDWLRQFULWHULDLVREWDLQLQJDQVZHUVWRWKHTXHVWLRQ:KDWZLOOGLVWLQJXLVKWKHFKRLFHEHWZHHQJRRGDQGEDG
DOWHUQDWLYHV WR WKH SUREOHPV RI GHFLVLRQ PDNLQJ" 3HUVSHFWLYHV YLHZ RI VWDNHKROGHUV SDUWLFLSDQWV SOD\ DQ
LPSRUWDQWUROH7KHUHIRUHLWLVQHFHVVDU\WRLQFOXGHWKHVDPHLQVRPHRULQDOOVWDJHVRIWKHGHFLVLRQPDNLQJSURFHVV
2QHRIWKHPRVWHIIHFWLYHZD\VWRGRWKLVLVDGLUHFWGLDORJXHZLWKDOOLQWHUHVWHGSDUWLHVZKHUHWKURXJKLQWHUYLHZVRU
VXUYH\VDQWLFLSDWHWKHLUQHHGVUHTXLUHPHQWVFRQFHUQVDQGLQWHUHVWV$QDO\VLVRIWKHFROOHFWHGLQIRUPDWLRQZLOOKHOS
WKDWWKHYLHZRIVWDNHKROGHUVWREHDGHTXDWHO\LQMHFWHGLQWRFULWHULDIRUHYDOXDWLQJDQGUDQNLQJRIYDULDQWVROXWLRQV
:KHQGHILQLQJFULWHULDDJUHDWDVVLVWDQFHSURYLGHV WKHVRFDOOHGWDUJHWDQDO\VLV0HWKRGVRIGHVFULSWLYHVWDWLVWLFV
DQG IDFWRU DQDO\VLV SURYHG WR EH DQ H[FHOOHQW PHFKDQLVP IRU GHWHUPLQLQJ WKH UHOHYDQFH RI WKH FULWHULD DQG WKH
YDOLGDWLRQVWUXFWXUHIRUPHGE\DVHWRIFULWHULDDVGHVFULEHGLQWKHZRUN7KLVPHWKRGFKHFNVWKHUHOHYDQF\RIFULWHULD
WKDWFDQEHXVHGLQYDULRXVILHOGVRIVFLHQFHDQGSUDFWLFH
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